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PEGylated soluble gpl30-dimers useful as a medicament 

The present invention relates to a polypeptide-dimer 
comprising two soluble gpl30 molecules, wherein at least one 

♦ 

of said soluble gpl30 molecules is covalently linked to 
polyethylene glycol. The present invention also relates to a 
pharmaceutical composition containing said dimer and various 
medical uses. 

The pleio tropic cytokine interleukin-6 (IL-6) shows a wide 
spectrum of biological functions among which stimulation of B 
cells and induction of acute phase protein synthesis in liver 
are mostly notable. IL-6 exerts its activity on target cells 
via binding to an IL-6 specific surface receptor ( "IL-6R" or 
"gp80"). This receptor /ligand complex facilitates 
homodimerization of gpl30, the second subunit of the IL-6 
receptor complex. Dimerization of gpl30 results in 
transduction of an IL-6 signal. Soluble forms of the IL-6R 
(SIL-6R) which are generated by two mechanisms (alternative 
splicing and shedding) are also able to trigger gpl30 
dimerization and signalling when complexed with IL-6. 

Since the cytoplasmic portion of the IL-6R does not contribute 
to signal transduction, signalling by a gpl30 homodimer can be 
induced by. IL-6 in complex with membrane bound or soluble IL- 
6R. The presence of SIL-6R, however, leads to sensitization of 
IL-6 responsive cells towards the ligand, as described 
previously for human hepatoma cells HepG2 . Furthermore, it has 
been shown that strictly IL-6 dependent hybridoma cells do not 
proliferate in response to very low amounts of IL-6 when sIL- 
6R present in culture media is continuously removed. 

Initially described as the interleukin-6 signal transducer, 
gpl30 is a transducer chain shared by many cytokines, such as 
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IL-6, IL-11, leukemia inhibitory factor (LIF) , oncostatin M 
(OSM) and ciliary neurotrophic factor (CNTF) . All of these 
cytokines act via a bi- or tripartite receptor complex in 
which signalling is triggered by homodimerization (for IL-6) 
or heteradimerization with LIF-Rb/gpl30 protein (for IL-11, 
LIF, OSM and CNTF) of gpl30. These cytokines thus mediate 
similar biologic activities in various tissues. 

While gpl30 can be found on nearly all cell types, the IL-6R 
shows a much more restricted expression. The release of SIL-6R 
by one cell type renders other cells, which only express gpl30 
responsive to IL-6. This scenario is called trans -signal ling. 
Indeed, several cellular activities have been described which 
require the complex of sIL-6R and IL-6 and are not seen with 
IL-6 alone. Soluble gpl30 protein is found in high 
concentrations in human plasma. Recently the designer-cytokine 
hyper-LL-6 (H-IL-6) , in which the C-terminus of SIL-6R is 
covalently fused to the N- terminus of mature IL-6 by a 
flexible peptide linker, has been described. As seen with the 
complex of IL-6/sIL-6R, H-IL-6 also acts on cells which only 
express gpl30. In contrast to the separate components IL-6 and 
SIL-6R, a 100 to 1000 lower concentration of this fusion 
molecule is sufficient to induce comparable biological 
signals . 

For the treatment of various diseases such as Crohn's disease 
etc. the specific blocking of IL-6 responses dependent on 
soluble IL-6R might be desirable for treatment. Unfortunately, 
the compounds available so far for this purpose are 
characterised by several disadvantages like low production 
rate, high clearance rate, low half life, etc. 

» 

Thus, the technical problem underlying the present invention 
was to provide! means suitable for treating diseases where the 
specific blocking of IL-6 responses dependent on sIL-6R might 
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have a beneficial effect that overcome the disadvantages of 
the means of the prior art. 

The solution of the said technical problem is achieved by 
providing the embodiments characterized in the claims. During 
the experiments leading to the present invention it was found 
that a PEGylated soluble gp!30-dimer efficiently inhibits the 
anti-apoptotic effect of sIL-6R from LPMC from Crohn's disease 
(CD) patients and that, thus, said compound is useful for the 
treatment of said disease and related diseases like, e.g., 
colitis or rheumatoid arthritis. Crohn's disease is a chronic 
inflammatory disease of the gastrointestinal tract which is 
characterised by frequently occurring relapses of acute 
inflammation. Inflammation associated with infection, injury, 
and other factors rapidly induces the acute-phase reaction 
(APR) which is characterized by the production of acute-phase 
proteins (APPs) . The APR mainly results in an increase of 
vascular permeability and fever. APPs can be distinguished 
into two different groups, depending on the cytokine that 
regulates their expression and activation. IL-6 family 
cytokines upregulate the expression of type-II APP genes which 
is mediated by STAT3 activation. IL-6 also contributes to the 
increase in type-I APP levels, which are mainly regulated by 
IL-1. Strong STAT3 activation (i. E. tyrosine phosphorylation) 
has been described in colonic tissues from IBD patients. 
Moreover, STAT3 activation was significantly reduced in IL-6 
KO mice, which was accompanied by a reduced development of 
experimental colitis in these mice (Suzuki et al., J Exp Med, 
2001, 193:471). These findings indicate that IL-6/IL-6R- 
mediated STAT3 activation plays a central role in the 
development and .perpetuation of colitis. In another 
inflammatory disease, rheumatoid arthritis (RA) , STAT3 was 
shown to be important for the survival of RA synovial 
fibroblasts (Krause et al., J Immunol, 2002, 169:6610). It was 
therefore suggested that STAT3 may represent a good target for 
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gene therapy. Constitutive STAT3 activation is also known to 
be a "cancer-causing" factor and is e.g. accompanied with the 
upregulation of anti-apoptotic proteins such as Bcl-2 or Bcl- 
XL (Turkson et al . , Oncogene, 2000, 19:6613). It was found 
that the PEGylated soluble gpl30-dimer significantly reduced 
the activity of STAT3 . Furthermore, it was found that the 

« 

efficiency of sgpl30PEG was significantly higher than that of 
sgpl30Fc of EP 00 108 691.7 in reducing IL-6/IL-6R/gpl30- 
mediated signal transduction processes and disease parameters. 
Additionally the half life of sgpl30PEG was approximately 2- 
fold higher than that of the sgpl30Fc molecule. Furtheron, a 
lower dose of sgpl30PEG could be used in therapeutic 
approaches to obtain the same results as with sgpl30Fc. 
Consequently, these results of sgpl30PEG mean lower side- 
effects, lower exposure of the patients, reduced application 
frequence and lower therapeutic costs . 

Brief description of the drawings 

.Fiqure 1: Schematic drawing of sgp!30PEG and sgpl30 HisPEG 

Figure 2 : Nucleotide sequence and corresponding encoded 
protein sequence of the first three extracellular domains (Dl- 
D3) of human gpl30 (sgpl30 (D1-D3 ) ) 

Figure 3 : Nucleotide sequence and corresponding encoded 
protein sequence of human herpesvirus 8 (HHV8) -derived viral 
interleukin- 6 ( vIL-6 ) 

Figure 4: Analysis of' apoptosis in lamina propria mononuclear 
cells (LPMC) from Crohn's disease patients 

LPMC were isolated and cultured as described in Example 1 for 
48 hours in the presence or absence of 10 yig/ml each of 
neutralizing anti-IL-6 antibody, sgpl30Fc and sgpl30PEG. 
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Apoptosis was determined by staining of the cells with Annexin 

V and propidium iodide and subsequent FACS analysis. The 
percentage of apoptotic (Annexin V positive and propidium 
iodide negative) cells is depicted. 

Figure 5: Proliferation of BAF/gpl30 cells in response to (A) 
5 ng/ml of hyper-IL-6 (H-IL-6) or (B) 100 ng/ml IL-6 + 50 
ng/ml sIL-6R and increasing amounts of either sgpl30Fc or 
sgpl30PEG 

Proliferation was determined by detecting [ 3 H] -thymidine 
incorporation in a scintillation counter. 

! 

Figure 6: A) Activation of a STAT3 -driven reporter gene 
plasmid after H-IL-6 treatment and inhibition of STAT3 
activity by sgpl30Fc or sgpl30PEG (10 ixg/ml each) . B) 
Concentration dependent downregulation of H-IL-6-induced STAT3 
activation by either sgpl30Fc or sgpl30PEG. 

Figure 7: Nucleotide sequence and corresponding protein 
sequence of the first three extracellular domains (D1-D3) of 
human gpl 30 (sgpl30 (D1-D3 ) . 1) . 

Figure 8: 

A) analysis of apoptosis in lamina propria mononuclear cells 
(LPMC) from Crohn's disease patients. 

LPMC were isolated and cultured as described in Example 1 for 
48 hours in the presence or absence of 10 iig/ml each of 
neutralizing anti-IL-6 antibody, sgpl30Fc and sgpl30PEG. 
Apoptosis was determined by staining of the cells with annexin 

V and propidium iodide and subsequent FACS analysis. The 
percentage of apoptosic (Annexin V positive and propidium 
iodide negative) cells is depicted. B) The same experiment as 
described under 4A was perfomed except that sgpl30dimer or 
sgpl30TagPEG were used instead of anti-IL-6 antibody, sgpl30Fc 
and sgpl30PEG. 
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Figure 9 : 

Proliferation of BAF/gpl30 cells in response to (A) 5 ng/ml of 
hyper-IL-6 (H-IL-6) or (B) 100 ng/ml IL-6 + 50 ng/ml SIL-6R 
and increasing amounts of either sgpl30TagPEG or sgpl30dimer. 
Proliferation was determined by detecting [ 3 H] -thymidine 
incorporation in a scintillation counter. 

Figure 10: 

A) Activation of a STAT3 -driven reporter gene plasmid after H- 
IL-6 treatment and inhibition of STAT3 activity by sgpl30 
dimer or sgpl30TagPEG (10 ixg/ml each) . B) Concentration 
dependent downregulation of H-IL-6-induced STAT3 activation by 
either sgpl30dimer or sgpl30TagPEG. 

« 

Thus, the present invention relates to a polypeptide-dimer 
comprising two soluble gpl30 molecules, wherein at least one, 
preferably both, of said soluble gpl30 molecules is (are) 
covalently linked to polyethylene glycol. 

The polypeptide-dimers of the present invention may be 
engineered using known methods. The term "soluble" as used 
herein refers to a gpl30 molecule lacking the intracellular 
domain and, preferably, the transmembrane domain. The domains 
utilised may consist of the extracellular domains D1-D3 of 
gpl30 or they may consist of mutants or fragments thereof that 
maintain the ability to inhibit the activity .of the agonistic 
complex IL-6/sIL-6R. PEGylation of the sgpl30 molecules can be 
carried, e.g., according to the methods described for human 
IFN-y, IFN-a, IFN-|J, IL-15 or IL-2 (Tang et al . , Sheng Wu Hua 
Xue Yu Sheng Wu Wu Li Xue Bao (Shanghai), (1996), 28:312; 
Youngster et al . , Curr Pharm Des (2002), 8:2139; Grace et al., 
J Interferon Cytokine Res (2001), 21:1103; Pepinsky et al., J 
Pharmacol Exp Ther (2001), 297:1059; Pettit et al., J Biol 
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Chem (1997), 272:2312; Goodson et al. Biotechnology NY (1990), 
8:343; Katre; J Immunol (1990), 144:209). Preferably, the 
polypeptide corresponding to the soluble part of . gpl30 is the 
only biologically active polypeptide of the polypeptide-dimer 
of the present invention, i.e. does not contain further 
polypeptide moieties like an Fc-domain and/or 
f ibronectin (FN) III . 

In a preferred embodiment, the polypeptide-dimer of the 
present invention is- characterized in that at least one of 
said two soluble gpl30 molecules comprises the amino acid 
sequence as depicted in Figure 2 or 3 . 

In a more preferred embodiment, the polypeptide-dimer of the 
present invention is characterized in that both of said two 
soluble gpl30 molecules comprise the amino acid sequence as 
depicted in Figure 2 or 3. 

Any kind of polyethylene glycol is suitable for the present 
invention provided that the PEG-polypeptide-dimer is still 
capable of blocking IL-6 responses dependent on sIL-6R which 
can be assayed according to methods known in the art, e.g., 
the method described in Example 1. Preferably, the 
polyethylene glycol of the polypeptide-dimer of the present 
invention is PEG 1000, .2000, 3000, 5000, 10000, 15000, 20000 
or 40000 with PEG 20000 or 40000 being particularly preferred. 

In order to form the dimer the two soluble gpl30 molecules are 

■ 

linked to each other via one or more disulfid bridges. This 
can be achieved, e.g., by recombinant expression, wherein the 
nucleic acid sequence encoding sgpl30 contains one or more 
cystein residues encoding codons between the stop-codon and 
the codon encoding the C-terminal amino acid residue of 
sgpl30. Alternatively, for generating the dimer one may employ 
a flexible linker domain, preferably fusing the monomers 



WO 2004/1 13383 PCT/EP2004/006787 

together in tandem ( w tail-to-tail" ) . This linker may be 
entirely artificial (e.g., polyglycine repeats which may be 
interrupted by serine, alanine and/or threonine at a certain 
interval) or "borrowed" from naturally occurring proteins, 
such as the hinge region of human IgG. Additionally, the 
molecules of the dimer may be tagged e. g. by His-His-His-His- 
His-His (His6), FLAG, Strep-Tag, green fluorescence protein 
(GFP) , c-myc, glutathione S-transf erase (GST) , HA, calmodulin- 
binding peptide (CBP) or other epitopes to which antibodies 
are available, to allow rapid purification by suitable 
chromatography systems, detection e. g. by Western blotting or 
ELISA, immunoprecipitation, or activity depletion/blocking in 
bioassays . 

In a further alternative embodiment, the two soluble gpl30 
molecules are linked to each other through u forked" PEGs which 
comprise at least one PEG and two reactive groups at a precise 
distance apart. 

A variety of means can be used to generate and identify 
mutations of sgpl30 that have the desired properties. Random 
mutagenesis by standard methods of the DNA encoding sgpl30 may 
be used, followed by analysis of the collection of products to 
identify mutated cytokines having the desired properties. 
Mutagenesis by genetic engineering has been used extensively 
in order to elucidate the structural organisation of 
functional domains of recombinant proteins. Several different 
approaches have been described in the literature for carrying 
out deletion or substitution mutagenesis. The most successful 
appear to be alanine scanning mutagenesis (Cunningham and 
Wells, Science 244 (1989), 1081-1085) and homolog-scanming 
mutagenesis (Cunningham et al.., Science 243 (1989), 1330- 
1336) . 
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The polypeptides of the present invention are preferably 
recombinantly produced by use of a polynucleotide encoding a 
polypeptide of the present invention and vectors, preferably 
expression vectors containing said polynucleotides. For the 
production of the polypeptides of the invention, the 
polynucleotides are obtained from existing clones, i.e., 
preferably encode the naturally occurring polypeptide or a 
part thereof . Polypeptides encoded by any polynucleotide which 
hybridises to the complement of the native DNA or RNA under 
highly stringent or moderate stringent conditions (for 
definitions, see Sambrook, Molecular Cloning A Laboratory 
Manual, Cold Spring Harbor Laboratory (1989) N.Y.) as long as 
that polypeptide maintains the biological activity of the 
native sequence, are also useful for producing the 
polypeptide (s) of the present invention. 

The recombinant vectors can be constructed according to 
methods well known to the person skilled in the art; see, 
e.g., Sambrook, Molecular Cloning A Laboratory Manual, Cold 
Spring Harbor Laboratory (1989) N.Y. A variety of expression 
vector/host systems may be utilised to contain and express 
sequences encoding the sgpl30 polypeptides of the present 
invention. These include, but are not limited to, 
microorganisms such as bacteria transformed with recombinant 
bacteriophage, plasmid, or cosmid DNA expression vectors; 
yeast transformed with yeast expression vectors; insect cell 
systems infected with virus expression vectors (e.g., 
baculovirus) ; plant cell systems transformed with virus 
expression vectors (e.g., cauliflower mosaic virus, CaMV; 
tobacco mosaic virus, TMV) or with bacterial expression 
vectors (e.g., Ti or pBR322 plasmids) ; or animal cell systems. 

The "control elements" or "regulatory sequences" are those 
non- translated regions of the vector-enhancers, promoters, 5' 
and 3 1 untranslated regions which interact with host cellular 
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proteins to carry out transcription and translation. Such 
elements may vary in their strength and specificity. Depending 
on the vector system and host utilised, any number of suitable 
transcription and translation elements, including constitutive 
and inducible promoters, may be used. For example, when 
cloning in bacterial systems, inducible promoters such as the 
hybrid lacZ promoter of the Bluescript .RTM. phagemid 
(Stratagene, LaJolla, Calif.) or pSportl.TM. plasmid (Gibco 
BRL) and the like may be used, The baculovirus polyhedrin 
promoter may be used in insect cells. Promoters or enhancers 
derived from the genomes of plant cells (e.g., heat shock, 
RUBISCO; and storage protein genes) or from plant viruses 
(e.g., viral promoters or leader sequences) may be cloned into 
the vector. In mammalian cell systems, promoters from 
mammalian genes or from mammalian viruses are preferable. If 
it is necessary to generate a cell line that contains multiple 
copies of the sequence encoding the spgl30 polypeptides, 
vectors based on SV40 or EBV may be used with an appropriate 
selectable marker. 

In bacterial systems, a number of expression vectors may be 
selected depending upon the use intended for the polypeptide 
dimer of the present invention. Vectors suitable for use in 
the present invention include, but are not limited to the pSKK 
expression vector for expression in bacteria. 

In the yeast, Saccharomyces cerevisiae, a number of vectors 
containing constitutive or inducible promoters such as alpha 
factor, alcohol oxidase, and PGH may be used; for reviews, see 
Grant et al. (1987) Methods Enzymol. 153:516-544. 

In cases where plant expression vectors are used, the 
expression of sequences encoding the antibody of the present 
invention may be driven by any of a number of promoters. For 
example, viral promoters such as the 35S and 19S promoters of 
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CaMV may be used alone or in combination with the omega leader 
sequence from TMV (Takamatsu, N. (1987) EMBO J. 6:307-311) . 
Alternatively, plant promoters- such as the small subunit of 
RUBISCO or heat shock promoters may be used (Coruzzi, G. et 
al. (1984) EMBO J. 3:1671-1680; Broglie, R. et al . (1984) 
Science 224:838-843; and Winter, J. et al . (1991) Results 
Probl. Cell Differ. 17:85-105). These constructs can be 
introduced into plant cells by direct DNA transformation or 
pathogen -mediated trans fection. Such techniques are described 
in a number of generally available reviews (see, for example, 
Hobbs, S. and Murry, L. E. in McGraw Hill Yearbook of Science 
and Technology (1992) McGraw Hill, New York, N.Y.; pp. 191- 
196. 

» 

An insect system may also be used to express the sgpl30 
molecules of the present invention. For example, in one such 
system, Autographa californica nuclear polyhedrosis virus 
(AcNPV) is used as a vector to express foreign genes in 
Spodoptera frugiperda cells or in Trichoplusia larvae. The 
sequences may be cloned into a non-essential region of the 
virus, such as the polyhedrin gene, and placed under control 
of the polyhedrin promoter. Successful insertion of the gene 
encoding sgpl30 will render the polyhedrin gene inactive and 
produce recombinant virus lacking coat protein. The 
recombinant viruses may then be used to infect, for example, 
S. frugiperda cells or Trichoplusia larvae in which APOP may 
be expressed (Engelhard, E. K. et al. (1994) Proc. Nat. Acad. 
Sci. 91:3224-3227) . 

In mammalian host cells, a number of viral-based expression 
systems may be utilised. In cases where an adenovirus is used 
as an expression vector, sequences encoding the polypeptide (s) 
of the present invention may be ligated into an adenovirus 
transcription/translation complex consisting of the late 
promoter and tripartite leader sequence. Insertion in a non- 
11- 
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essential El or E3 region of the viral genome may be used to 
obtain a viable virus which is capable of expressing the 
antibody in infected host cells. (Logan, J. and Shenk, T. 
(1984) Proc. Natl. Acad. Sci. 81^:3655-3659). In addition, 
transcription enhancers, such as the Rous sarcoma virus (RSV) 
enhancer, may be used to increase expression in mammalian host 
cells. 

Human artificial chromosomes (HACs) may also be employed to 
deliver larger fragments of DNA than can be contained and 
expressed in a plasmid. HACs of 6 to 10M are constructed and 
delivered via conventional delivery methods (liposomes, 
polycationic amino polymers, or vesicles) for therapeutic 
purposes . 

Specific initiation signals may also be used to achieve more 
efficient translation. Such signals include the ATG initiation 
codon and adjacent sequences. In cases where sequences 
encoding the sgpl30, its initiation codon, and upstream 
sequences are inserted into the appropriate expression vector, 
no additional transcriptional or translational control signals 
may be needed. However, in case where only coding sequence is 
inserted, exogenous translational control signals including 
the ATG initiation codon should be provided. Furthermore, the 
initiation codon should be in the . correct reading frame to 
ensure translation of the entire insert. Exogenous 
translational elements and initiation codons may be of various 
origins, both natural and synthetic. The efficiency of 
expression may be enhanced by the inclusion of enhancers which 
are appropriate for the particular cell system which is used, 
such as those described in the literature (Scharf, D. et al. 
(1994) Results Probl. Cell Differ. 2£ :125 - 162 ) . 

In addition, a host cell strain may be chosen for its ability 
to modulate the expression of the inserted sequences or to 
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process the expressed polypeptide chains in the desired 
fashion. Post-translational processing which cleaves a 
"prepro" form of the polypeptide may also be used to 
facilitate correct insertion, folding and/or function. 
Different host cells which have specific cellular machinery 
and characteristic mechanisms for post-translational 
activities (e.g., CHO, HeLa, MDCK, HEK293, and W138) , are 
available from the American Type Culture Collection (ATCC; 
Bethesda, Md. ) and may be chosen to ensure the correct 
modification and processing of the foreign polypeptide chains. 

For long-term, high-yield production of recombinant 
polypeptides, stable expression is preferred. For example, 
cell lines which stably express sgpl30 chains may be 
transformed using expression vectors which may contain viral 
origins of replication and/or endogenous expression elements 
and a selectable marker gene on the same or on a separate 
vector. Following the introduction of the vector, cells may be 
allowed to grow for 1-2 days in an enriched media before they 
are switched to selective media. The purpose of the selectable 
marker is to confer resistance to selection, and its presence 
allows growth and recovery of cells which successfully express 
the introduced sequences. Resistant clones of stably 
transformed cells may be proliferated using tissue culture 
techniques appropriate to the cell type. 

After the introduction of the recombinant vector (s), the host 
cells are grown in a selective medium, which selects for the 
growth of vector-containing cells. Any number of selection 
systems may be used to recover transformed cell lines. These 
include, but are not limited to, the herpes simplex virus 
thymidine kinase (Wigler, M. et al. (1977) Cell 11:223-32) and 
adenine phosphoribosyl transferase (Lowy, I. et al. (1980) Cell 
22^:817-23) genes which can be employed in tk.sup.- or 
aprt.sup.- cells, respectively. Also, antimetabolite, 
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for selection; for example, dhfr which confers resistance to 
methotrexate (Wigler, M. et al. (1980) Proc. Natl. Acad. Sci. 
77:3567-70); npt, which confers resistance to the 
aminoglycosides neomycin and G-418 (Colbere-Garapin, F. et al 
(1981) J. Mol. Biol. 150:1-14) and als or pat, which confer 
resistance to^ chlorsulfuron and phosphinotricin 
acetyltransf erase, respectively (Murry, supra) . Additional 
selectable genes have been described, for example, trpB, which 
allows cells to. utilise indole in place of tryptophan, or 
hisD, which allows cells to utilise histinol in place of 
histidine (Hartman, S. C. and R. C. Mulligan (1988) Proc. 
Natl. Acad. Sci. 85:8047-51). Recently, the use of visible 
markers has gained popularity with such markers as 
anthocyanins , beta-glucuronidase and its substrate GUS, and 
luciferase and its substrate luciferin, being widely used not 
only to identify transformants, but also to quantify the 
amount of transient or stable protein expression attributable 
to a specific vector system (Rhodes, C. A. et al. (1995) 
Methods Mol. Biol. 55:121-131). 

Purification of the recombinant polypeptides is carried out by 
any one of the methods known for this purpose, i.e., any 
conventional procedure involving extraction, precipitation, 
chromatography, electrophoresis, or the like. A further 
purification procedure that may be used is affinity 
chromatography using monoclonal antibodies which bind the 
target polypeptide and which are produced and immobilized on a 
gel matrix contained within a column. Impure preparations 
containing the recombinant polypeptide are passed through the 
column. The polypeptide will be bound to the column by the 
specific antibody while the impurities will pass through. 
After washing the polypeptide is eluted from the gel by a 
change in pH or ionic strength and then, if it is produced as 
the monomer, dimerized and PEGylated. 
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Accordingly, the present invention also relates to a method of 
producing the polypeptide-dimer of the present invention, 
comprising culturing a host cell transformed with a DNA 
sequence encoding a monomer of said polypeptide, recovering 
the polypeptide-monomer or dimer from said host cell or the 
culture and PEGylating the monomers or dimers. 

The polypeptide-dimers of the present invention are useful in 
the treatment and/ or prevention of all the pathologies, in 
which the activity of the agonistic complex IL-6/slL6R must be 
inhibited. For example, therapeutic uses of the polypeptide- 
dimers of the present invention would include the following: 

(a) IL-6 appears to be directly involved in multiple myeloma 
by acting in either an autocrine or paracrine fashion to 
promote tumour formation. Furthermore, the elevated IL-6 
levels create undesirable secondary effects such as bone 
resorption, hypercalcemia and cachexia. In these cases it is 
known that SIL-6R sensitises target cells for IL-6. Therefore, 
the polypeptide-dimers of the invention as described herein 
would be beneficial for both the secondary effects as well as 
for inhibiting tumour growth. 

» 

(b) In autoimmune diseases: the pathogenic significance of IL- 
6 in autoimmune disorders has been reviewed by many authors in 
the literature (see, e.g., Yoshizaki et al., Semin. Immunol. 
4 (3) (1992), 155-166), thus, interference with IL-6 signal 
transduction may be useful for autoimmune disease therapy 
(Nishimoto et al., Intern. Med. 38(2) (1999), 178-182). 
Examples of such pathologies are systemic lupus erythematosus,. 
Hashimoto's thyroiditis, scleroderma, rheumatoid arthritis, 
multiple sclerosis, Autoimmune epithelitis, Diabetes mellitus, 
Sjogren's syndrome, polymyositis, glomerulonephritis and other 
inflammatory diseases, such as psoriasis and Crohn's disease. 

15 



WO 2004/113383 



PCT/EP2004/006787 



(c) In osteoporosis, which can be exacerbated by lowering of 
estrogen levels in postmenopausal women or through 
ovariectomy, 1L-6 appears to be a critical mediator of 
osteoclastogenesis, leading to bone resorption. Importantly, 
IL-6 only appears to play a major role in the estrogen- 
depleted state, and apparently is minimally involved in normal 
bone maintenance. Consistent with this, experimental evidence 
indicates that function-blocking antibodies to IL-6 can reduce 
the number of osteoclasts. While estrogen replacement therapy 
is also used, there appear to be side effects that may include 
an increased risk of endometrial and breast cancer. Thus, the 
polypeptide dimers of the present invention would be more 
specific to reduce osteoclastogenesis to normal levels* 

(d) IL-6 may be a mediator of tumour necrosis factor (TNF) 
that leads to cachexia associated with AIDS and cancer, 
perhaps by reducing lipoprotein lipase activity in adipose 
tissue. Accordingly, the polypeptide-dimers of the invention 
described herein would be useful in alleviating or reducing 
cachexia in such patients. 

(e) Bacterial and viral infections:, the presence of Human 
Herpes Virus 8 (HHV8) has been demonstrated in more than 91% 
of Kaposi's sarcoma (KS) lesions. Moreover, the virus has been 
identified in primary effusion lymphoma (PEL) and in patients 
with multicentric Castleman disease (MCD) . Intriguingly, bone 
marrow dendritic cells from multiple myeloma (MM) . patients 
were shown to be infected by HHV8. Since then, the association 
of HHV8 with MM has been a subject of fierce debate, which was 
recently revived. The genome of HHV8 codes for several 
proteins with significant homologies to human anti-apoptotic 
proteins, chemokines, and cytokines including a vital form of 
Interleukin-6 (vIL-6) with 25% homology to human IL-6. vIL-6 
has been demonstrated to have biologic activities reminiscent 
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of human IL-6, i.e. stimulation of proliferation of murine 
hybridoma and human myeloma cells. Mere recently it was showm 
in mice, injected with vIL-6 transfected NIH3T3 cells, that 
viL-6 induced angiogenesis and hematopoiesis . It was concluded 
that through these functions vIL-6 played an important role in 
the pathogenesis of HHV8-associated disorders. The 
contribution of the IL-6R to vIL-6 signalling has been 
discussed controversially. One group using unpurified 
supernatants of vIL-6 transfected COS-7 cells has shown that 
STAT activity was induced in cells expressing gpl30 but no IL- 
6R. In contrast, another group found that the activity of vIL- 
6 was reduced by an IL-6 receptor antagonist, arguing for an 
involvement of IL-6R in vIL-6 signalling. 

Thus, the present invention also relates to a pharmaceutical 
composition containing an effective amount of a polypeptide- 
dimer of the present invention, preferably combined with a 
pharmaceutically acceptable carrier . "Pharmaceutical^ 
acceptable" is meant to encompass any carrier, which does not 
interfere with the effectiveness of the biological activity of 
the active ingredient and that is not toxic to the host to 
which it is administered. Examples of suitable pharmaceutical 
carriers are well known in the art and include phosphate 
buffered saline solutions, water, emulsions, such as oil/water 
emulsions, various types of wetting agents, sterile solutions 
etc.. Such carriers can be ^formulated by conventional methods 
and can be administered to the subject at an effective dose. 

An "effective amount" refers to an amount of the active 
ingredient that is sufficient to affect the course and the 
severity of the disease, leading to the reduction or remission 
of such pathology. 

An "effective dose" useful for treating and/or preventing 
these diseases or disorders may be determined using methods 
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* 

known to one skilled in the art (see for example, Fingl et 
al., The Pharmocological Basis of Therapeutics, Goodman and 
Gilman, eds . Macmillan Publishing Co., New York, pp. 1-46 
((1975)). 

* 

Administration of the suitable compositions may be effected by 
different ways, e.g. by intravenous, intraperetoneal , 
subcutaneous, intramuscular, topical or intradermal 
administration. The route of administration, of course, 
depends on the kind of therapy and the kind of compound 
contained in the pharmaceutical composition. The dosage 
regimen will be determined by the attending physician and 
other clinical factors. As is well known in the medical arts, 
dosages for any one patient depends on many factors, including 
the patient's size, body surface area, age, sex, the 
particular compound to be administered, time and route of 
administration, the kind of therapy, general health and other 
drugs being administered concurrently. 

Preferred ' medical uses of the polypeptide-dimers of the 
present invention described above are the treatment /prevention 
of bone resorption, hypercalcemia, . cachexia, tumours, 
autoimmune diseases such as Crohn's disease and bacterial or 
viral infections . 



The below examples explain the invention in more detail. 

Example 1: Material and Methods 

(A) Materials 

DMEM, RPMI-1640, penicillin, streptomycin and gentamycin were 
purchased from Gibco (Eggenstein, Germany) . FCS was obtained 
from Biochrom (Berlin, Germany) . DEAE-Dextran was from Sigma 
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(Taufkirchen, Germany) . Restriction enzymes, T4-DNA ligase and 
Polynucleotide Kinase were from New England Biolabs 
(Schwalbach, Germany). [ 3 H] -thymidine, ECL-reagents and X-ray 
films were . obtained from Amersham Bioscience (Freiburg, 
Germany) . The QuikChange Site-directed mutagenesis kit was 
from Stratagene (Amsterdam, NL) . Antibodies were purchased 
from Cell Signalling Technology (Frankfurt, Germany) . 
BAF/gpl30 cells, recombinant IL-6 and hyper-IL-6 (H-l L-6) , a 

■ • 

fusion protein comprising IL-6 + SIL-6R (Rakemann et al . , J. 
Biol. Chem. 274 (1999), 1257) were obtained from Stefan Rose- 
John (Director of the Institute of Biochemistry, Kiel, 
Germany). Human sgpl30Fc was produced as described (Atreya et 
al., Nat. Med. 6 (2000), 583). 

(B) Culture and transfection of cells 

BAF/gpl30 cells were grown in DMEM at 37 °C, 5% C0 2 in a water 
saturated atmosphere. Cell culture media were supplemented 
with 10% FCS, 100 mg/1 of streptomycin and 60 mg/1 of 
penicillin. BAF/gpl30 cells were cultured in the presence of 
10 ng/ml of H-IL-6. 

(C) Construction of sgp!30 (D1-D3 ) and sgp!30 (D1-D3 ) His 
expression plasmids 

Cloning of the ligand binding domains of gpl30(Dl-D3) was 
performed by amplifying the coding sequence of gpl30 from base 
1 to 978 (corresponding to amino acids Met 1 to Pro 326 
(Figure 2)) by PCR according to standard protocols. pSVL- 
sgpl30-Fc (Atreya et al., Nat. Med. 6 (2000), 583) was taken 
as template. The resulting DNA fragment was purified on a 1% 
agarose gel, isolated by using a Qiagen MiniElute kit and 
cloned into the expression plasmids pQE60, pQE70 (Qiagen), 
pBAD/Myc-His ( Invitrogen) , . pET-3 , pET-11, pCAL-c and pCAL-kc 
(Stratagene) . All constructs were identified by restriction 
digests and the inserts were sequence verified by standard 
techniques . 
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(D) Construction of sgp!30 (D1-D3 ) P n expression plasmids 
Polypeptides of different lengths (P n ) containing one or more 
cystein residues were added to the C-terminus of sgpl30 (D1-D3) 
by site-directed mutagenesis according to the standard cloning 
techniques. All constructs were identified by restriction 
digests and the inserts were sequence verified. 

(E) Construction of vIL-6-His expression plasmids 

The cDNA for vIL-6 was amplified by PCR (coding sequence in 
Figure 3) by using freshly isolated human genomic DNA as 
template. For expression of vIL-6-His in COS-7 cells the viL-6 
cDNA was inserted into the mammalian expression plasmids 
pEFllmyc-His, . pUB6N5-His (Invitrogen) or pQE-TriSystem 
(Qiagen) in front of a polyhistidine (His) tag. For expression 
of vIL-6-His in bacteria vIL-6 cDNA was inserted into a 
prokaryotic expression vector (pQE60, pQE70 (Qiagen), 
pBAD/Myc-His (Invitrogen), pET-3, pET-11, pCAL-c or pCAL-kc 
(Stratagene) ) in front of a polyhistidine tag. All constructs 
were identified by restriction digest and the inserts were 
sequence verified by standard techniques. 

(F) Purification of viL-6-His 

Recombinant viL-6-His was purified as described by Miillberg et 
al.; J. Immunol. 164 (2000), 4672). 

(G) Purification of sgp!30 (D1-D3) -P n (Method 1) 

Purified recombinant vIL-6-His was bound to a Ni-NTA agarose 
column (Qiagen) as follows: The column material was 
equilibrated with 5 bed volumes of 50 mM phosphate buffer (pH 
7.5), 500 mM NaCl, and. 20 mM imidazole (Equilibration Buffer, 
EB) . vIL-6-His was loaded onto the column and unbound protein 
was removed by washing with 5 bed volumes of EB. A protein 
suspension containing sgpl30 (D1-D3) -P n was loaded onto the 
column and the column was subsequently washed with 10 bed 
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volumes of EB. Finally sgpl30 (D1-D3) -P n was eluted with a 
citrate buffer (pH 1.4) and the eluate was immediately 
neutralized. The eluate was purified by mono-Q fast protein 
liquid chromatography (Pharmacia) and dialyzed against PBS. 

# 

(H) Purification of sgp!30 (Dl-D3)-P n (Method 2) 

Prokaryotic expression plasmids encoding sgpl30 (D1-D3 ) -P n and 
vIL-6-His were cotransf ected into bacterial strains TOP10 
(Invitrogen) , XLl-Blue, BL21(DE3) (Stratagene) , Ml 5 [pREP4] or 
SG13009 [pREP4] (Qiagen) . 24 hours after transformation, the 
protein production was started with 1 iriM isopropyl-S-D- 
thiogalactopyranoside (IPTG) and the proteins were extracted 6 
hours later. The protein extract was loaded onto a Ni-NTA 
agarose column which was beforehand equilibrated with 5 bed 
volumes of EB. Unbound proteins were removed by washing the 
column with 10 bed volumes of EB. gpl30 (D1-D3 ) -P n was finally 
eluted, purified and dialyzed as described above. 

(I) Purification of sgp!30 (D1-D3) -His 

sgpl30(Dl-D3)-His was purified by the same technique as 

♦ 

described for vIL-6-His. 

* 

(J) PEGylation of sgp!30 (D1-D3 ) -P n 

During the last years an increasing interest is arising for 
the covalent modification of biological macromolecules by 
polyethylene glycol (PEG) . This kind of modification is 
extremely important for pharmaceutical and biotechnological 
applications. PEGylation (the covalent attachment of PEG) 
leads for example to shielding of antigenic or immunogenic 
epitopes. Moreover, it reduces receptor-mediated uptake by the 
reticuloendothelial system or prevents recognition and 
degradation by proteolytic enzymes (5). PEGylation of proteins 
has been shown to increase their bioavailability by reducing 
the renal filtration. spl30(Dl-D3) contains 9 cystein (C) 
residues with 8 of them being involved in disulfide bridges 
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(C 2 b-C 5 4/ C48-Cio3,Ci34-Ci44/ C172-C182). The last C 30 i contains a 
free sulfhydryl group and is therefore suitable for site- 
specific PEGylation. The modification of sgpl30 (D1-D3 ) was 
exerted by adding a 3-fold molar excess of mPEG-MAL, MW 20.000 

(Nektar Therapeutics, San Carlos, CA, USA) to sgpl30 (D1-D3 ) -P n 
at pH 7.2. The reaction was performed for 60 minutes at room 
temperature and the product was isolated by a final gel 
filtration step according to standard conditions. 
PEGylated sgpl30 (D1-D3 ) -His was produced by incubating the 
protein with a 3-fold molar excess of forked mPEG(MAL) 2 / MW 
20.000 (Nektar) at pH 7.2 at room temperature for 90 minutes. 
The product was subsequently gel filtrated according to 
standard techniques . 

(K) Isolation and stimulation of lamina propria mononuclear 
cells (LPMC) 

LPMC were cultured in complete medium consisting of RPMI-1640 
with 3 mM L-glutamine, 10 mM HEPES buffer, 10 jig/ml 
gentamycin, 100 U/ml penicillin, 100 U/ml streptomycin, 50 ]M 
2-mercaptoethanol and 10% heat-inactivated FCS. Cells were 
stimulated with 10 ]ig/ml C reactive protein (Sigma) , 50 ng/ml 

♦ 

phorbol-12-myristate-13-acetate (PMA) and 10 pg/ml 
phytohaemagglutimin (PHA) (Sigma) in the presence or absence 
of sgpl30Fc, neutralising IL-6R specific antibody (provided by 
Professor Dr. Rose-John, University of Kiel, Germany), 
sgpl30PEG or sgpl30TagPEG at concentrations at 1 to 10 ]ig/ml 
as indicated in the Figures. After 48 hours cells were stained 
with Annexin V and propidium iodide using the ApoAlert Annexin 
V-FITC Apoptosis Detection Kit (BD Bioscience, Heidelberg, 
Germany) and analysed by FACS. 

(L) Proliferation assays 

BAF/gpl30 cells were extensively washed with PBS in order to 
remove growth factors and resuspended in cytokine free medium. 
5xl0 3 cells per well of a 96-well plate were cultured in a 
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final volume of 100 \il with cytokines and increasing amounts 
of sgpl30Fc or sgpl30PEG or sgpl30TagPEG as indicated in the 
Figures for 68 hours and subsequently pulse labelled with 0.25 
mCi [ 3 H] -thymidine for 4 hours. Cells were harvested on glass 
filters and incorporated [ 3 H] -thymidine was determined by 
scintillation counting. 

(M) Lucif erase Reporter Gene Assay 

BAF31gpl30 cells were cotransf ected with the reporter gene 
plasmids pSTAT3-TA-Luc (BD Bioscience, Heidelberg, Germany) 
and pCMV-Luc and incubated for 24 hours. The transf ected cells 
were then incubated with 5 ng/ml of H-IL-6 in the absence or 
presence of 10 ]ig/ml sgpl30Fc, sgpl30PEG or sgpl30TagPEG, 
respectively, for another 20 hours. Extraction and detection 
of lucif erase activity was performed by using the Dual 
Luciferase Reporter Gene Assay from Promega (Mannheim, 
Germany) according to the manufacturers manual and measurement 
in a MicroLumatPlus LB96V microplate luminometer (EG&G 
Berthold, Wellesley, MA, USA) . 

(N) Construction of sgp!30 (D1-D3) . 1 and sgp!30 (D1-D3) -Tag 
expression plasmids 

Cloning of the ligand binding domains of gpl30 (D1-D3 ) . 1 was 
performed by amplifying the coding sequence of gpl30 from base 
70 to 966 (corresponding to aminoacids Leu 24 to Tyr 322 (Fig. 
2)) by PCR according to standard protocols. pSVL-sgpl30-Fc (2) 
was taken as template. The resulting DNA fragment was purified 
on a 1% agarose gel, isolated by using a Qiagen MiniElute kit 
and cloned into an appropriate expression plasmid. For the 
tagged protein expression vectors comprising the appropriate 
tag such as His ( 4-6)/ FLAG, Step-Tag, GFP, GST, HA CBP or other 
epitopes to which antibodies are available were used. 
Alternatively, the desired tag was directly cloned behind the 
sgpl30 (D1-D3) . 1 cDNA. All constructs were identified by 

23 



WO 2004/113383 PCT/EP2004/006787 

restriction digest and the inserts were sequence verified by 
standard techniques . 

(0) Construction of sgpl30~P n expression plasmids 

Polypeptides of different length <P n ) containing one or more 
cystein residues were added to the C-terrainus of sgpl30 by 
site-directed mutagenesis of the corresponding expression 
plasmids according to the manufacturers manual. All constructs 
were identified by restriction digest and the inserts were 
sequence verified by standard techniques. 

(P) Construction of vIL-6-His expression plasmids 

The cDNA for vIL-6 was amplified by PCR (coding sequence in 
figure 3) by using freshly isolated human genomic DNA as 
template. For expression of vIL-6-His in COS-7 cells the vIL-6 
cDNA was inserted into an appropriate mammalian expression 
plasmid in front of a polyhistidine (His) tag, e. g. 
pcDNA3 . 1/myc-His , pEFl/myc-His, pUB6/V5-His (Invitrogen) , pQE- 
TriSystem (Qiagen) or others. For expression of vIL-6-His in 
bacteria vIL-6 cDNA was inserted into an appropriate 
prokaryontic expression vector . in front of a polyhistidine 
tag, e. g. pQE60, pQE70 (Qiagen), pBAD/Myc-His (Invitrogen), 
pET-3, pET-11, pCAL-c, pCAL-kc (Stratagene) or others. All 
constructs were identified by restriction digest and the 
inserts were sequence verified by standard techniques. 

(Q) Purification of sgp!30-P n (Method I) 

Viral Interleukin-6 (vIL-6) (4) has been shown to specifically 
bind to gpl30 without further need of the IL-6 receptor (IL- 
6R) (3). This interaction of vIL-6 was used to purify sgpl30 
by a vIL-6-His affinity column. Purified recombinant vIL-6-His 
was bound to a Ni-NTA agarose column (Qiagen) as follows: The 
column material was equilibrated with 5 bed volumes of 50 mM 
phosphate buffer (pH 7.5), 500 mM NaCl, and 20 mM imidazole 
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(Equilibration Buffer, EB) . vIL-6-His was loaded onto the 
column and unbound protein was removed by washing with 5 bed 
volumes of EB. A protein suspension containing sgpl30-P n was 
loaded onto the column and the column was subsequently washed 
with 10 bed volumes of EB. Finally sgp!30-P n was eluted by a 
citrate buffer pH 1.4. The eluate was immediately neutralized, 
purified by mono-Q fast protein liquid chromatography 
(Pharmacia) and dialyzed against PBS. 

(R) Purification of sgp!30-P n (Method II) 

Prokaryoiitic expression plasmids encoding gpl30-P n and vIL-6- 
His were cotransf ected into appropriate bacterial strains, e. 
g.. TOP10 (Invitrogen) , XLl-Blue, BL21(DE3) (Stratagene) , M15 
[pREP4] , SG13009 [pREP4] (Qiagen) or others. 24 hours after 
transformation, the protein production was started with 1 mM 
isopropyl-P-D-thiogalactopyranoside (IPTG) and the proteins 
were extracted 6 hours later. The protein extract was loaded 
onto a Ni-NTA agarose column which was beforehand equilibrated 
with 5 bed volumes of EB.. Unbound proteins were removed by 
washing the column with 10 bed volumes of EB. gpl30-P n was 
finally eluted, purified and dialyzed as described before. 

(S) Purification of sgp!30Tag 

sgpl30Tag (with Tag = His 6 ) was purified by the same technique 
as described for vIL-6-His. In case of another tag such as 
His (4 -6)/ FLAG, Step-Tag, GFP, GST, HA CBP or other epitopes to 
which antibodies are available the sgpl30Tag molecule was 
seperated by a suitable antibody immobilized on a matrix such 
as agarose, 

(T) PEGylation of sgp!30 

During the last years an increasing interest is arising for 
the covalent modification of biological macromolecules by 
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polyethylene glycol (PEG) . This kind of modification is 
extremely important for pharmaceutical and biotechnological 
applications. PEGylation (the covalent attachment of PEG) 
leads for example to shielding of antigenic or immunogenic 
epitopes. Moreover, it reduces receptor-mediated uptake by the 
reticuloendothelial system or prevents recognition and 
degradation by proteolytic enzymes (5) . PEGylation of proteins 
has been shown to increase their bioavailability by reducing 
the renal filtration. 

spl30 contains 9 cystein (C) residues with 8 of them being 
involved in disulfide bridges (C 2 8-C 5 4/ C48-C103, C134-C144, C i7 2- 
C182) • The last C301 contains a free sulfhydryl group and is 
therefore' suitable for site-specific PEGylation. The 
modification of sgpl30 was exerted by adding a 3-fold molar 
excess of mPEG-MAL, . MW 20.000 (Nektar Therapeutics, San 
Carlos, CA, USA) to sgpl30-P n at pH 7.2.. The reaction was 
performed for 60 minutes at room temperature and the product 
was isolated by a final gel filtration step according to 
standard conditions. 

PEGylated sgpl30Tag was produced by incubating the protein 
with a 3-fold molar excess of mPEG(MAL) 2 , MW 20.000 at pH 7.2 

* « 

at room temperature for 90 minutes. The product was 
subsequently gel filtrated according to standard techniques. 



Example 2: sgpl30PE6 and sgpl30TagPEG inhibit the 
antiapoptotic effect of SIL-6R on LPMC from Crohn's disease 

(CD) patients 

A neutralizing antibody directed against IL-6R was able to 
induce apoptosis in lamina propria T-cells from CD patients 
(Atreya et al., 2000). The effect of anti-IL-6R mAb was also 
demonstrated in three different models of colitis, i. e. scid 
mice reconstituted with CD62L + CD45RB hig * CD4 + T cells, IL-10 
deficient mice and trinitrobenzene sulphonic acid (TNBS) 
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treated mice. In all cases the colitis activity was 
downregulated at a similar level to that observed after anti- 
TNF mAb treatment (Atreya et al., 2000). The goal of this 
experiment was to show whether the sgpl30PEG and sgpl30TagPEG 
of the present invention would have the same efficiency as, 
e.g., sgpl30Fc in inducing apoptosis in LPMC. 

LPMC were cultured in presence of neutralizing anti-IL-6R 
antibody, sgpl30Fc, sgpl30PEG or sgpl30TagPEG under 

conditions described in Example 1. Apoptotic cells were 
determined as Annexin V positive, propidium iodide negative 
cells by FACS analysis. Untreated samples contained 
approximately 60% apoptotic cells whereas treatment with anti- 
IL-6 antibody, sgpl30Fc, sgpl30PEG or sgpl30TagPEG resulted 
in an increase of apoptotic cells between 11% to 16%. An un- 
PEGylated sgpl30dimer was less effective demonstrating the 
importance of PEGylation for the biological activity of the 
molecule (Figures 4 and 8) . 

Example 3: Inhibition of IL-6/SIL-6R dependent proliferation 

of BAF/3 cells 

The IL-3 dependent pre-B cell line BAF/3 does not express 
gpl30 and is therefore not able to respond to IL-6 or IL- 
6/sIL-6R. In' contrast, BAF/3 cells stably transfected with 
human gpl30 cDNA (BAF/gpl30) are able to grow in the absence 
of IL-3 in response to IL-6/sIL-6R or hyper-IL-6 (H-IL-6) . 
BAF/gpl30 simulated with either IL-6/sIL-6R (Figures 5A and 
9A) or H-IL-6 (Figures 5B and 9B) were treated with increasing 
amounts of sgpl30Fc, sgpl30PEG or sgpl30TagPEG and the effect 
of both sgpl30 molecules on the proliferation of the cells was 
measured. In both experiments increasing amounts amounts of 
sgpl30Fc, sgpl30PEG or sgpl30TagPEG led to a significant 

■ 

reduction of [ 3 H] -thymidine incorporation. However, a half- 
maximal incorporation (dotted line at ~ 7.500 cpm) was reached 
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when 7.5 to 10 ng/ml of sgpl30Fc were given to the cells. In 
contrast, the same incorporation reduction was already seen 
with a concentration of sgpl30PEG and sgpl30TagPEG of 1 to 5 
ng/ml. This indicates that sgpl30PEG and sgpl30TagPEG 
treatment was working at a factor of 1.5 to 3 better than 
sgpl30Fc did. Additionally, in • panel B un-PEGylated 
sgpl30dimer was used to demonstrate the important role of 
PEGylation for the biological activity of the protein. 

Example 4: sgpl30PEG inhibits H-IL-6 induced STAT3 activation 

in BAF/gpl30 cells 

The latent cytoplasmic transcription factor signal transducer 
and activator of transcription (STAT) 3 is known to be 
activated in several different cell types by IL-6 treatment. 
The function of STAT3 has been intensively studied in 
different cell types. These include the induction of an acute- 
phase response in hepatoma cells, stimulation of proliferation 
in B lymphocytes, activation of terminal differentiation and 
growth arrestin monocytes, and maintenance of the pluripotency 

♦ 

of embryonic stem cells (review in Levy and Lee, J. Clin. 
Invest. 109 (2002), 1143). To determine whether IL-6-induced 
STAT3 activation is influenced by sgpl30PEG or sgpl30TagPEG 
BAF/gpl30 cells were transfected with pSTAT3-TA-Luc as 
described in Example 1. 24 hours later, the cells were treated 
with 5 ng/ml of H-IL-6 in the absence of or presence of 10 
/xg/ml of sgpl30Fc, sgpl30PEG or sgpl30TagPEG respectively for 
another 20 hours. The cells were extracted and firefly 
lucif erase activity was determined. Relative lucif erase 
activity in cells treated solely with H-IL-6 was set to 100% 
(Figures 6 A and 10A) . In contrast, STAT3 activity was reduced 
to 26% (sgpl30Fc), 18% (sgpl30PEG) and 19% (sgpl30TagPEG) , 
respectively. In the second experiment the dose -dependence of 
the afore ' described effect was determined by treating the 
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cells with increasing amounts of sgpl30Fc, sgpl30PEG or 
sgpl30TagPEG respectively (Figures 6B and 10B) . A half -maximal 
activation of STAT3 was determined with sgpl30PEG and 
sgpl30TagPEG at a concentration of 2.5 /xg/ml whereas the same 
effect was seen with sgpl30Fc at a * concentration of 
approximately 7.5 jig/ml. Here again, as demonstrated before, 
the efficiency of sgpl30PEG and sgpl30TagPEG was approximately 
2 to 3-fold higher than that observed with sgpl30Fc. 



29 



